At automated fluorescence polarization immunoassay for the determination of vancomycin levels in serum was evaluated. The vancomycin assay is a homQgeneous -competitive inhibition immunoassay based on changes in fluorescence polarization that occur with antibody binding. This assay was compared with a liquid chromatographic assay and an agar well diffusion b'ioassay method by using clinical serum specimens and controls. Linear regression analysis of the data obtained on clinical specimens by the three methods resulted in correlation coefficients of 0.97 for the fluorescence polarization immunoassay versus the liquid chromatographic assay (n = 60), 0.90 for the fluorescence polarization immunoassay versus the bioassay (n = 57), and 0.90 for the liquid chromatographic assay versus the bioassay (n = 57). Repetitive analysis of control sera containing 7, 35, and 75 ,ug of vancomycin per ml by the fluorescence polarization immunoassay yielded coefficients of variation of 3.0, 1.7, and 2.3, respectively. No interference was demonstrated in spiked hemolytic, lipemic, or icteric sera, and the assay was free of matrix effects. The automated fluorescence polarization immunoassay system offers a rapid, efficient, and accurate method for monitoring vancomycin serum levels for both toxicity and efficacy.
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Vancomycin is a glycopeptide antibiotic that was isolated from Streptomyces orientalis in 1956. It acts by inhibiting the synthesis of the pentaglycine cross-link in the bacterial cell wall, a step that occurs before the step that is inhibited by penicillin. The use of vancomycin, which is a nephrotoxic, narrow-spectrum, intravenous antibiotic, has been increasing in recent years.
Vancomycin is highly effective in the treatment of infections caused by gram-positive cocci. It has been used effectively in intravenous treatment of resistant staphylococcal or streptococcal septicemia, endocarditis, and osteomyelitis (10, 12, 16) . It is active against gram-positive bacteria that are resistant to the penicillins, including multiply resistant corynebacteria (1, 4, 6) , and Clostridium difficile. More recently, its use has increased because it is the drug of choice for the treatment of methicillin-resistant staphylococci and for the treatment of serious grampositive infections in patients who are allergic to penicillin or cephalosporins (or both).
In adult patients with normal renal function, the usual dosage of vancomycin is 1 g every 12 h or 0.5 g every 6 h, a dose that gives peak levels of 25 to 35 and 10 to 15 ,ug/ml, respectively (5).
Vancomycin is approximately 10% protein bound and is excreted by glomerular filtration.
In renal failure, the vancomycin dose must be reduced, and monitoring of blood levels is recommended (5). In anuric patients, Eykyn et al. (2) found sufficient blood levels on a dose of t g every 7 days. Vancomycin levels are not reduced by hemodialysis (11 (14) , and radioimmunoassay (RIA) (3) . Samples for the HPLC vancomycin assay must be extracted on an ionexchange column before being subjected to chromatography, and the sample size required is relatively large (400 ,ul). The 
MATERIALS AND METHODS
FPIA. The principles of FPIA, a homogeneous competitive inhibition assay, have been described in detail (7, 8) . Briefly, unlabeled vancomycin in the patient serum competes with fluorescein-labeled vancomycin (tracer) for limited antibody sites. The binding of tracer to specific antibody results in an increase in the polarization of fluorescent light when compared with that of unbound tracer. The polarization offluorescent light is inversely proportional to the amount of unlabeled antibiotic in the sample. The relationship between concentration of unlabeled drug and polarization is established with calibrators containing 0, 5, 10, 25, 50, and 100 p.g of vancomycin per ml. Obtained values are subjected to a nonlinear least-squares curve fit, which is stored and used to determine the concentration of vancomycin in patient samples.
The reagents and automated, bench-top fluorescence polarization analyzer (TDX) were obtained from Abbott Laboratories, North Chicago, Ill. The reagent preparation and apparatus have been previously described (8) . Briefly, samples (>50 >l), which can include standards, controls, or patient specimens, are each placed in the sample side of a dual-chamber sample cup. The sample is then automatically diluted in a 0.1 M phosphate buffer containing protein stabilizer and preservative (TDX dilution buffer) and read for background fluorescence. All initial values are stored in the instrument memory. Antibody to vancomycin (25 pJ), and tracer (fluorescein-labeled vancomycin) (25 p1) are automatically dispensed into each cuvette containing the diluted sample, bringing the total volume to 1.95 ml. After a 3-min incubation, a final polarization measurement is made on each sample. The resulting polarization values are blank corrected, and either a standard curve is computed, by using a weighted log-logit-type curve fit, or the concentrations of specimens are determined by reference to a stored curve.
HPLC. Samples were analyzed for vancomycin by a modification of the HPLC method of Uhl and Anhalt (14) . Equal portions of serum and the internal standard solution containing ristocetin (75 p.g/ml) were mixed.
Vancomycin and ristocetin were separated from other serum components by ion-exchange gel chromatography. Carboxymethyl-Sephadex column preparation and elution solvents used have been previously described (14) . Vancomycin and ristocetin were eluted from the column by using 800 ,ul of borate buffer. The first 300 Fl of eluate was discarded, and the remainder was collected for analysis. A 25-,lI sample of the eluate was injected into a Waters HPLC system (Waters Associates, Milford, Mass.) consisting of a model U6K injection value, a model 6000A solvent pump, a Cl8 u-Bondapak column, and a model 450 variable wavelength detector set at 210 nm. The mobile phase and operating conditions used are as previously described by Uhl and Anhalt (14) .
Bioassay. In the presence of rifampin, cefotaxime, and amikacin, antibiotics known to interfere with the assay, the following procedures were utilized. S. aureus D078 "trained" for rifampin resistance was used in determining the vancomycin concentration in sera of patients receiving this drug. Cefotaxime was inactivated by diluting patient sera 1:2 with t-lactamase (Watman Biochemicals, Ltd., Clifton, N.J.). Amikacin was removed by treatment of sera with cellulose phosphate before the assay (13) . Control samples spiked with rifampin, cefotaxime, and amikacin have been shown to give accurate vancomycin levels when these methods of inactivation of the interfering antibiotics were employed.
Specimens. Patient sera utilized in this evaluation were those on which vancomycin levels had been requested as part of the patient's clinical management. After the standard bioassay of the vancomycin level, sera were frozen at -20°C until assayed by HPLC and FPIA. Before treatment of specimens requiring either 1-lactamase or cellulose phosphate, sera were split, providing untreated samples for both HPLC and FPIA, Data analysis. Linear least-squares regression analysis was used to determine the correlation between the three methods.
RESULTS
The precision of the FPIA was determined by assaying a high, midrange, and low control each 5 times daily for 10 days. The means, standard deviations, and coefficients of variation for within-run and between-run assays of the three control sera are shown in Table 1 .
Dilution effects were evaluated by taking samples with high vancomycin levels and diluting them 1:2, 1:4, and 1:8 in pooled human serum or TDX dilution buffer and assaying each by FPIA. Throughout the study period (4 weeks) the same standard curve for FPIA was used, and the three controls remained well within acceptable limits-10%/ of the assigned value for the high and midrange controls and 15% for the low control. The control sera were assayed at least once on each assay carousel of s20 samples. The coefficients of variation for the control sera of each assay method are compared in Table 3 .
The calibrators at 5, 10, 25, 50, and 100 ,ug/ml for the FPIA standard curve were assayed as unknowns six times in the 4-week study period. The standard deviation range was 0.68 for the calibrator at 5 pg/ml to 3.35 for the calibrator at 100 g/ml. The coefficients of variation ranged from 13.8% for the calibrator at 5 tLg/ml to 3.53% for the calibrator at 100 4g/ml.
Coreltion of FPIA, HPLC, and bioasay. Correlation of the FPIA with both bioassay and HPLC was assessed by assaying clinical samples by each method. Figures 1, 2 , and 3 summarize these data. Comparisons between FPIA and HPLC were made by using 60 clinical specimens; those between HPLC and bioassay and between FPIA and bioassay employed 57 specimens. As seen in Fig. 1, 2 , and 3, all three methods correlated well with each other in the determination of vancomycin serum levels. Values less than the lowest standard for HPLC and bioassay (10 ,ug/ml) were not used in the correlations. DISCUSSION The increased use of vancomycin for treatment of methicillin-resistant S. aureus, multiply resistant corynebacteria, and multiply resistant Staphylococcus epidermidis septicemia in oncology patients already on aminoglycosides has prompted and underscored the importance of monitoring drug levels in these patients. The most significant adverse effect of vancomycin treatment, ototoxicity, is rarely seen when serum levels are maintained below 30 ,ug/ml. To ensure the presence of adequate levels of antibiotic the timely performance of vancomycin levels is of value, particularly for Vancomycin determination by HPLC is a more complex procedure than both the bioassay and FPIA procedures. The sample size required is much larger than that needed for the bioassay and FPIA. HPLC and FPIA do provide results on the same day, whereas the bioassay requires an overnight incubation. Sample preparation, including the column preparation and serum extraction, is lengthy. Variability may exist in the column preparation and extraction, which could potentially lead to discrepant results. Interference by other antibiotics is less of a problem in the HPLC assay than in the bioassay, but there is the potential for interference by any number of drugs used in clinical treatment or by serum components unique to a particular patient which may not be removed during the extraction procedure. Discrepancies between the HPLC assay and the bioassay and the FPIA could possibly reflect the presence of interfering peaks with retention times identical to those of vancomycin or the internal standard.
The renewed interest in vancomycin as an effective antibiotic in several difficult clinical situations and its potential for toxicity in those settings make it important to keep the serum concentration at a proper level. The FPIA in the TDX system is an efficient and accurate method for the timely determination of vancomycin serum levels.
